Isolation of the Antimycobacterial Agent
In preliminary experiments, extraction of animal tissues by a wide range of techniques had revealed that crude fractions endowed with tuberculostatic activity could be obtained by using acidified dilute ethanol as solvent, and precipitating the extracted material at an acid reaction with acetone-ether mixtures.
The nature of this preparative technique made it likely that basic proteins of low molecular weight would be present in the extract. In fact, it was found that all crude fractions thus obtained did exhibit a property characteristic of lysozyme, a basic protein enzyme present in egg white and in many tissues and body fluids; namely, they all possessed the ability to cause rapid and complete lysis in vitro d cultures of Micrococcus lysodeikticus (9, 10) . Since it appeared possible that the tuberculostatic activity of the extracts might be due to a substance related to lysozyme (11), the procedures of extraction and of concentration were evaluated by determining the power of each fraction to inhibit the growth of tubercle bacilli and to lyse suspensions of the micrococci. All ingredients were dissolved in distilled water. The medium was adjusted to a reaction of pH 6£--6.8 and was distributed in 4 cc. amounts into tubes 25 ram. in diameter. The tubes were covered with aluminum caps and autoclaved for 15 minutes at 15 pounds pressure.
Metkods of Determination of AntimycobaaerSal
Tween 80 and enzymatic hydrolysate of casein, which are included in the liquid medium ordinarily used for the cultivation of tubercle bacilli in this laboratory, were omitted unless otherwise stated in the text, but they were always present in the medium used for maintaining the stock cultures. Iron salts were also excluded since the crude extracts of tissues were prone to produce an interfering precipitate in the presence of the ferric ion. Abundant growth was obtained consistently in the control tubes despite the omission of the above substances.
To each tube, 0.5 co. of serial dilutions of the solution to be tested for inhibitory activity was added aseptically. Tubes receiving only the solvent used for the inhibitory substance served as controls. Solutions of the fractions in aqueous alcohol were diluted 1:10 with sterile distilled water before addition to the medium; the dry preparations were dissolved in sterile 0.05 N HC1 in order to obtain ready solution and to reduce bacterial contamination.
Stock cultures of human or bovine tubercle bacilli maintained in Tween-albumin medium served as the source of test organisms. One attenuated culture (BCG, substrain Phipps or "rice) and one virulent culture (the bovine strain Ravenel or the human strain HaTRv) were used in each experiment. Ten day old cultures of the bacilli in Tween-albumin medium were diluted 1:100 into a sterile solution containing 5 per cent glucose and 5 per cent bovine albumin. 1 To each tube 0.5 cc. of this dilute suspension of organisms was then added aseptically, 1 Five gm. of bovine albumin powder (fraction V from bovine plasma, Armour Laboratories, Chicago) was dissolved in 100 cc. 0.9 per cent saline and adjusted to pH 6.5. This solution was sterilized by filtration and heated at 56°C. for 30 minutes. One part of a sterile 50 per cent glucose solution was added aseptically to 9 parts of the albumin stock in order to prepare the 5 per cent glucose-5 per cent albumin solution.
resulting in a final concentration of 0.5 per cent glucose, 0.5 per cent albumin, and onethousandth (10 3) of the fully grown stock culture.
The tubes were incubated at 38°C. and readings of growth were made after 4, 7, and 10 days. Where growth developed, the bacilli formed large clumps which could be partially dispersed by shaking. Gross visual estimates of the degree of growth were recorded according to an arbitrary scale from 0 (no growth) to 8 (full growth).
Determination of Lysozyme Activity.--A stock culture of the test organism, Micrococcus lysodeiklicus, was maintained in meat infusion-peptone broth with a reaction of pH 7.4. A 24 to 48 hour old subculture of this organism in the same medium was distributed into sterile Wassermann tubes, each tube receiving 2.7 cc. Serial dilutions in saline of the material to be examined for lysozyme activity were then added aseptically in a volume of 0.3 cc. per tube. Appropriate solvent controls were included. After incubation at 38°C. for 3 hours, the degree of lysis was graded by visual examination according to an arbitrary scale ranging from 0 (no lysis) to 4 (complete lysis).
Final Method for Isolation of the A ntimycobacterial A gent.--Since the numer-
ous experiments tending toward the purification and isolation of the antimycobacterial agent are, in retrospect, of little consequence, no detailed description of this phase of the investigation will be presented. The following procedure was finally adopted for the preparation of the crystalline material used in the bacteriological and chemical studies to be described below.
A commercial preparation of beef kidney (obtained from the Viobin Corp., Monticello, Illinois) which had been dehydrated and defatted by treatment with ethylene dichloride was used as the source material because of availability and ease of handling. One kilo of the desiccated kidney powder was suspended in 10 liters of 50 per cent ethanol to which 100 cc. of concentrated HC1 had been added. After standing at room temperature for 2 days, the mixture was squeezed through muslin in a meat press and the soluble fraction filtered through coarse paper. The dark amber filtrate (pH 3.2-3.5) was placed in a cold room at 4°C. overnight. Enough 5 N NaOH was then added to give a reaction of pH 8.5 and the resultant precipitate was promptly removed by filtration in the cold room. The precipitate was discarded. An equal volume of 95 per cent ethanol was added to the filtrate and the mixture was allowed to stand at room temperature for at least 48 hours. The precipitate which formed during this time was collected over filter paper in a Buchner funnel, washed with acetone and ether, and air dried. This crude material, about 5 gm. of a tan to white powder, manifested in vitro antimycobacterial activity in a concentration of approximately 0.02 per cent under the conditions of the test 2 (Table I) .
Further purification of the crude material was achieved by dialysis and selective precipitation from the dialysate. The 5 gm. of powder was placed inside a Visking sausage casing along 2 It was noted that the active substance was soluble in water or 50 per cent ethanol at acid or alkaline reactions, but was insoluble near neutrality. As an alternate procedure the original extraction in 50 per cent ethanol could be performed at alkaline reaction (pH 10-11). After filtration of the extract, HCI was added to the filtrate to a reaction of pH 2.5-3.0. Under these conditions much of the inactive material soluble in alkali was precipitated while the antimycobacterial agent remained in solution. The filtrate thus obtained was brought to neutrality and an equal volume of 95 per cent ethanol was added. The precipitate which formed on standing was similar quantitatively and qualitatively to the product of the acid extraction described above.
with 25 cc. of N/15 HCI in 50 per cent ethanol. This mixture was dialyzed with constant agitation at room temperature for 24 hours against 250 cc. of N/15 HC1 in 50 per cent ethanol. "Ihe dialysate was then removed and adjusted to a reaction of pH 7.0 by the addition of 1 N NaOH in 50 per cent ethanol. This brought about the precipitation of a white substance which, on standing at room temperature for 24 to 48 hours, assumed the shape of long needle crystals (Fig. 1) . On microscopic examination the crystalline structure appeared uniform and little or no amorphous material was seen. The crystals were filtered on paper and washed successively with neutral 50 per cent ethanol, acetone and ether. The dialysis bag, which still contained undissolved material, was suspended in 250 cc. of I~/30 HCI in 50 per cent ethanol and again agitated for a day. Neutralization of the dialysate yielded additional similar crystalline material. On occasions a third or even a fourth dialysis in like fashion gave crystalline material from the dialysate. It was noted that an acidity of at least pH 3.5 had to be attained in the dialysate for a significant yield to be obtained. Although the lower limit of acidity was not determined, preparations in which the final reaction of the dialysate was as low as pH 1.5 gave satisfactory results. 250 to 500 mg. of crystalline material was obtained from 5 gm. of the crude substance. A concentration of approximately 0.0015 per cent (dry weight) of the preparation purified by dialysis inhibited the multiplication of mycobacteria under the conditions of the test. The yield of crystalline product thus repre-sented approximately one-tenth of the quantity of the crude preparation, and was about ten times more potent in inhibiting the growth of tubercle bacilli (Table I) .
Bacteriological Studies
The techniques described in an earlier section of this paper were utilized for a more thorough investigation of the antibacterial characteristics of the crystalline substance. Visual estimate of lysis after incubation at 38°C. for 3 hours, graded from 0 (no lysis) to 4 (complete lysis).
Dissociation of the A ntim ycobacterial Effect from L ysozyme A ctivity.--Early
in the course of the investigation, it became evident that the antimycobacterial activity and the lysozyme-like property of the extracts did not follow quantitatively parallel courses during the various fractionation procedures. In fact, complete separation of the antimycobacterial agent from the substance producing lysis of Micrococcus lysodeikticus was achieved by the step involving dialysis in 50 per cent acid ethanol (see preceding section). Table I presents the antimycobacterial and lysozyme activities of the crude fraction and of the dialyzed crystalline material, and demonstrates that the former property is completely dissociated from the latter in the purified product.
SPE~MTNE AND TUBERCLE BACILLI

Susceptibility of Various Bacterial Species to the Crystalline Substance.--Table
II presents data illustrating the inhibitory effect of the crystalline substance upon the growth of various strains of mycobacteria. Under the conditions of the test all virulent, attenuated, and avirulent variants of human and bovine tubercle bacilli exhibited the same order of susceptibility. Avian strains were appreciably more resistant. The growth of saprophytic acid-fast-bacilli was not affected by the inhibitor, even in relatively high concentration. Mycobacteria freshly isolated from animal tissues were as sensitive to the action of the inhibitor as were the bacilli maintained for long periods of time in artificial medium. Table III shows the effect of the crystalline material upon the growth of a variety of non-acid-fast microorganisms. In meat infusion-peptone broth the growth of these bacteria was not affected by a concentration of the antimycobacterial agent ten times higher than that su~cient to prevent multiplication of mammalian tubercle bacilli. In the albumin-semisynthetic medium used in this laboratory for cultivating mycobacteria, Shigella dysenteriae and Micrococ- :1: Gross visual estimation of growth graded from 0 (no growth) to 8 (full growth). Readings made after incubation at 38°C. for 24 hours except for the Corynebacterium, which was read after incubation for 72 hours.
cus pyogenes ,car. aureus were susceptible to a high concentration of the crystalline substance, but the growth of other organisms was not inhibited.
Effect of Size of the Inoculum on the Inhibitory Activity of the Crystalline Substance.--Table IV presents the relationship between the antimycobacterial activity of the crystalline substance and the size of the bacillary inoculum. Surprisingly, the concentration of material necessary to inhibit growth of mammalian mycobacteria was found to be essentially independent of the number of organisms added. A thousandfold increase in the size of the inoculum (from a final concentration of 10 --4 to 10 -1) resulted in approximately a twofold increase in the concentration of inhibitor required to suppress multiplication of the bacilli. No lysis of bacteria was observed in tubes receiving an inoculum large enough to be of visible density and su~cient crystalline material to prevent further growth. Table I .
Evidence of Bactericidal A orion of the Crystalline Substance.--In order to determine the effect of the antimycobacterial agent on the viability of the susceptible organisms, dilutions of several cultures of tubercle bacilli were resuspended in a variety of media containing the crystalline material or other unrelated substances known to inhibit growth. The numbers of surviving cells were determined after several periods of incubation.
In one experiment, bovine bacilli of the Vall6e strain were diluted in a mixed phosphate buffer solution (0.05 M) at a reaction of pH 6.5, contalnlng 0.2 per cent albnmln and 0.02 per cent Tween 80. The final suspension contained approximately 50,000 living bacterial units per cc. as determined by plate counts on oleic acid-albumln agar. This bacterial suspension was added in 1 cc. amounts to a series of tubes each containing 1 cc. of solutions (in saline) containing various concentrations of sodium csprylate, streptomycin, or the new antimycobacterial agent. The mixtures were then incubated at 38°C. Mter 1 hour, 1 day, 4 days, 8 days, and 14 days appropriate dilutions were plated on oleic acid-albumin agax free of any inhibitory agent. The numbers of colonies visible after the plates had been incubated for 2 weeks were used as a measure of the numbers of surviving cells. A summary of the results is presented in Table V .
The results summarized in Table V illustrate the fact that tubercle bacilli can retain their viability for 2 weeks or more in a medium containing a concentration of caprylate sufficient to inhibit their growth. A similar phenomenon of pure bacteriostasis has been reported earlier in a study of the effect of lactic acid on the growth of tubercle bacilli (4) . By contrast, the bacilli were killed within 24 hours of exposure to a very low concentration of streptomycin. The effect of the new antimycobacterial crystalline agent was neither as purely bacteriostatic as that of the organic acids, nor as rapidly bactericidal as that of streptomycin. All the bacilli were still viable after 24 hours exposure to a concentration of the agent much in excess of that required to inhibit growth, but most of them were unable to give rise to colonies on oleic acid-albumin agar after exposure for 4 days. Further details concerning the factors affecting the rate of killing of the bacilli will be presented in a subsequent communication. on organisms added to a liquid medium containing phosphate buffer, asparaghae, metallic ions, glucose, and bovine albumin in the concentrations ordinarily used for cultivation of tubercle bacilli in this laboratory. When the organisms were cultivated in semisolid or on solid media of the same composition with the addition of various concentrations of agar, suppression of growth was obtained with concentrations of the inhibitor similar to those required in liquid medium. On solid agar media no alteration in colony morphology was detectable at concentrations of the crystalline material producing partial inhibition of growth.
The concentration of material needed to bring about inhibition of growth in liquid or on solid media was independent of the reaction of the medium between pH 6.3 and 7.4.
Table VI illustrates the effect on growth inhibition of the addition of various substances to the liquid medium. As is seen in the table, Tween 80 and oleic acid did not alter the antimycobacterial activity. Although the addition of small amounts of an enzymatic hydrolysate of casein reduced somewhat the inhibitory action, the addition of an excess of this material had no further effect. Iron salts brought about a faint clouding of the medium when the purified crystalline inhibitory material was used. It was possible, however, to observe that ferric ion did not decrease the antimycobacterial action.
The action of the inhibitor was not altered by the presence of an excess of asparagine in the medium. The use of glutamic acid in place of asparagine as a source of nitrogen did not affect the results. The antimycobacterial activity remained unchanged when ammonium ions were used as the sole source of nitrogen in the medium.
The tests reported above were carried out in the presence of 0.5 per cent bovine serum albumin. An increase in the concentration of albumin to 2 per cent produced a two-to fourfold diminution in the activity of the inhibitor. When the bovine albumin in the medium was replaced by certain preparations of human, guinea pig, or rabbit serum, the crystalline substance no longer produced suppression of growth of tubercle bacilli. However, the addition of even small amounts of bovine serum fraction V to media containing high concentrations of the above sera resulted in inhibition of growth of the same order as that observed in the presence of bovine albumin alone. Further studies are in progress to elucidate the relationship between serum constituents and bovine albumin with regard to the action of the inhibitor.
Biological Tests for Stability and Purity of the Inkibitory Substance.--The
inhibitory substance was remarkably stable. Solutions of it in water retained their antimycobacterial activity unchanged for a month at room temperature or at 38°C. The crystalline material dissolved in water, in 1 N NaOH or in 1 N HC1 suffered no loss of potency when autoclaved for 15 minutes at 15 pounds pressure.
The crystalline preparations derived from successive extractions of beef kidney powder were identical in their antimycobacterial activity. However, Table I. recrystallization of these products from dilute ethanolic solutions yielded material which was almost twice as potent in inhibiting the growth of tubercle bacilli, thus indicating that impurities were present in the original crystalline fraction. Further information on this point is presented in the section on chemical identification which follows.
Chemical Analysis and Identification 8
Pkysi~al Propertles.--The colorless needle crystals were readily soluble in acid or alkaline dilute ethanol but only slightly soluble at neutrality. The same amphoteric solubility characteristics were noted in water. The substance was insoluble in several organic solvents. Advantage was taken of these properties to recrystallize the material from 50 per cent ethanol. The crystals melted with decomposition at 240°C. Ash determinations gave variable results ranging up to 25 per cent by weight. The substance was colorless in solution at all reactions and exhibited no specific absorption in the ultraviolet spectrum. Potentiometric titrations indicated an equivalent weight in the neighborhood of 250. It was not possible to ascertain the number of acidic or basic groups from the shape of the curve. Attempts to determine the molecular weight by depression of camphor melting point were unsuccessful because of inadequate solubility of the compound in camphor.
Qualitative Analysis.---Qualitative tests indicated that nitrogen and phosphorus were present in the molecule. Examinations for halogens and sulfur were negative. A solution of the crystalline material gave no color on heating with nlnhydrin unless a reducing agent was present, when a deep blue persistent color developed. No ammonia was liberated on heating an alkaline solution of the substance. The biuret test and the Sakagnchi reaction were negative.
Quantitative Tests.--Quantitative estimation of nitrogen by the micro Kjeldahl technique
gave values ranging from 10 per cent to 12 per cent for various samples.
Total phosphorus determinations using sulfuric acid for digestion and molybdate reagent and aminonaphtholsulfonic acid for development of color yielded values ranging from 12 per cent to 13 per cent depending upon the sample. The estimation of free phosphate using the same technique but omitting the digestion gave identical phosphorus values. Since it seemed at first unlikely that inorganic phosphate could be carried through the various steps in the extraction and purification, these results suggested the possibility that the substance was a labile organic phosphate ester of the phosphagen type. Repetition of the phosphate determination by the Lowry-Lopez (12) technique, which is designed to measure free inorganic phosphate in the presence of labile organic phosphate esters, gave the same values as the previous determinations, indicating that this was indeed free phosphate. It was therefore concluded that the phosphate was freely dissociated in solution but precipitated along with the organic radical under certain conditions.
The variation in ash content and nitrogen and phosphorus values for different samples of the crystalline material made it apparent that the substance was contaminated, probably with sodium or other inorganic ions during precipitation from the partially organic solution. For this reason, no attempt to complete the quantitative analysis on this material was made.
Preparation and Ckaracterizatlon of the Picrate Derivative.--In the course of experiments
dealing with extraction and purification techniques, it had been noted that the active material could be precipitated from a water solution by picric acid. The crystalline material formed an insoluble picrate which took the form of yellow needle crystals when allowed to precipitate from a boiling water solution. This picrate derivative melted with decomposition at 267°C.
Since the unknown exhibited no specific absorption in the ultraviolet or visual spectrum, and since picric acid has a characteristic absorption pattern, the equivalent weight of the unknown could be estimated by determining spectrophotometrically the picric acid content of a known weight of the picrate derivative. The picrate was sufficiently soluble in 0.01 ~ NaOH to permit this determination. In previous studies it had been demonstrated that the picric acid absorption curve was unaltered by a shift in the pH of the solution (13) . The absorption pattern of the dissolved picrate derivative indicated that the presence of the unknown molecule a The generous counsel of Dr. Rollin Hotchkiss was of great assistance during this phase of the investigation.
did not shift or alter the shape of the picric acid curve. Utilizing this technique, a value of 103 was obtained for the equivalent weight of the unknown molecule, presuming one molecule of picric acid per molecule of unknown.
Preparation of the ttydrockloride Derivative and Completion of the Quantitative Analysis.raThe
picrate salt was used as an intermediate for preparation of the hydrochloride derivative. By dissolving the picrate in a minimal amount of hot 50 per cent ethanol acidified with HC1 and then adding 5 volumes of acetone, a white precipitate formed. The precipitate was separated by filtration, washed with acetone, and dried. This material was readily soluble in water at all reactions but was insoluble in various organic solvents. It melted with decomposition at 302°C. By qualitative tests it was established that chloride was present and phosphorus absent. Ignition showed that this derivative was essentially ash-free. Presumably, the phosphate had been converted to the hydrochloride, and the interfering inorganic cations had been removed by washing the intermediate picrate compound with water.
The hydrochloride derivative prepared as described above possessed antimycobacterial properties identical to those of the original crystalline material.
Quantitative analysis of the hydrochloride derivative gave the following results. 4
C 34.72 per cent H 8.38 " " Empirical formula: N 15.6 " " CsHI~-zsN2"2HC1 C141.5 " " Surprisingly, this analysis showed that no oxygen was present in the molecule, thus indicating that the amphoteric solubility characteristics of the original crystalline material were due to the properties of the phosphate salt.
At this point in the analysis a compound with characteristics strikingly similar to those noted above was encountered in the biochemical literature. This compound, spermine, is distinguished from other naturally occurring bases by its ability to form an insoluble phosphate salt. Table VII presents a comparison of the properties of various spermine derivatives and those of the unknown. From the table it appears that spermine and the unknown are identical)
To provide additional evidence on whether the crystalline material is identical with spermine phosphate, the effect of the latter substance and of spermine hydrochloride upon the growth of mycobacteria and other organisms was examined. Spermine phosphate was prepared from the beef kidney powder (described earlier in the text) by the method of Harrison (16) . Spermine tetrahydrochloride was obtained from a commercial source (Hoffmann-La Roche, Inc., Nutley). The antibacterial properties of these preparations were identical with those presented in Tables II and III for the crystalline material prepared from tissue by our original technique. * The carbon, hydrogen, and nitrogen microanalyses were performed by Mr. S. Theodore BeUa.
5 The only significant disparity observed was that between the melting points of the picrate derivatives. The spermine tetrapicrate described in the literature was prepared from spermine phosphate and picric acid in an alkaline solution. Since the picrate formed from the unknown was precipitated at an acid reaction, it is possible that the dipicrate compound resulted. This possibility was not investigated further. (14) and (15) . :~ The benzoyl derivative of the unknown was prepared by the method of Dudley et al (15) for the preparation of benzoyl spermine from spermine phosphate.
2O4
Since the hydrochloride and the phosphate salts of spermine had the same effect in inhibiting the growth of tubercle bacilli, it is likely that the free base would be 2 to 3 times more active in this regard.
It is of special interest that the hydrochloride derivative of spermine used in these experiments had been prepared by chemical synthesis and not by purification from biological materials. The activity of this synthetic product makes it certain that spermine, and not some contaminating factor, is responsible for the antimycobacterial effect obtained with the crystalline material isolated from tissues.
DISCUSSION
In his famous report of the discovery of human spermatozoa, Leeuwenhoek described in 1678 the small glittering lenticular crystals which formed in semen on standing (17) . Schreiner first concluded 200 years later that these crystals were composed of the phosphate salt of an organic base (18) . The early history of this substance has been reviewed by Rosenheim (19) . In 1926 Dudley, Rosenheim, and Starling (20) , and Wrede and coworkers (21) independently established the structure of the organic base as:
H~q-(CH~)8-NH-(CH~-NH-(CHz),-NH2
The former group of investigators confirmed this formula by synthesis. In 1925 Dudley and Rosenheim (22) demonstrated the wide distribution of spermine phosphate by isolating this compound from various organs of animals and from several varieties of yeast. They found the spermine phosphate content of human semen to be remarkably high, 260 rag. per 100 gm. of semen. Surprisingly, none of this base was found in bull semen. This difference in spermine content of bovine and human semen was explored by Harrison (23) who showed that the amine was present in the seminal fluid rather than in the sperm cells, and that the source of the large amounts in human semen was the prostate gland. Since bulls have little or no functioning prostate gland, the bioChemical difference between species was nicely correlated with an anatomical one.
Little is known of the origin, function, or fate of the spermine present in tissues. Although the suggestion has been made that this base, like some of the other biological amines, is formed as a result of the degradation of proteins, no evidence establishing such a pathway has been presented. Unusually large amounts of spermine have been found repeatedly in the prostate and in the pancreas, thus leading to the presumption that these glands have some selective function in forming or collecting this substance.
Spermine has general pharmacological properties similar to other biological polyamines; its effect on heart rate, blood pressure, respiration, and neuromuscular function varies depending on dosage and animal species (14) .
The finding that spermineAnhibits the growth of mammalian tubercle bacilli under certain conditions is in sharp contrast with previous reports dealing with its effect on other species of bacteria. It has been demonstrated that concentrations of spermine comparable to those which inhibit multiplication of mammalian mycobacteria protect various non-acid-fast microorganisms from the antibacterial action of quinacrine, quinine, propamidine and stilbamidine (24) (25) (26) . Similarly, spermine antagonizes the inhibition of yeast respiration caused by various basic substances (27) . To explain this protective action of spermine, it has been postulated that the amine competes with the inhibitors for position 61  22  74  15  85  27  70  55  35  49  15  24  74  30  70  36  64  17  7  5  2  23  62  44  30  32  46  23  73  34  58 on the cell receptors, and, being non-toxic, shelters the organism from the effects of the other basic substance. Further evidence of the lack of toxicity of spermine in low concentration for most bacteria is found in the fact that this substance or other 1,4-diaminobutane-containing polyamines are essential growth factors for Hemophilus parainfluenzae (28) .
The evaluation of the significance (if any) of the antimycobacterial activity of spermine as a factor in the host-parasite relationship in tuberculosis is a problem yet to be undertaken. Any in vivo antimycobacterial effect of spermine would, of course, depend on the influence of various tissue constituents in alterin~ the spermine-tubercle bacillus relationship. As reported in the text, sper-mine suppresses the multiplication of tubercle bacilli in vitro in media containing certain preparations of animal serum only ff bovine serum albumin (fraction V) is added, thus indicating that the antimycobacterial action may be altered as a result of changes in the environment. Further studies dealing with this problem will be presented in a subsequent communication.
Any activity of spermine in the intact animal would also depend upon its concentration in tissues in health and disease. Some information relevant to this point is available. The spermine content of human organs was first studied by Harrison (23) , and recently has been investigated extensively by H~im~-l~tir.en (29) . The latter worker performed quantitative determinations of this amine on organs obtained at necropsy in 69 cases, precipitating the spermine as ttavianate from a trichloracetic acid extract of the tissues. The human organ content of spermine as obtained by H~tm~il~tinen is summarized in Table VIII . There was a marked variation in the quantity of spermine present in the same organ obtained from different cadavers. In cases of pneumonia, tuberculosis, and carcinoma, the diseased tissue consistently contained approximately twice as much spermine as a normal portion of the same organ. Variable as they are, the values obtained by H~im~il~iinen for the spermine concentration in human tissues are in general higher than those sufficient to inhibit the growth of virulent human tubercle bacilli under certain in vitro conditions. SUMMARY A crystalline substance capable of suppressing the growth of a variety of mycobacteria in vitro has been isolated from extracts of tissue in acidified dilute ethanol. This inhibitory material was found to be equally active against virulent, attenuated, and avirulent variants of human and bovine tubercle bacilli, but had little or no effect on saprophytic mycobacteria and on several non-acidfast microorganisms under the conditions of the test. Its inhibitory activity on the growth of tubercle bacilli was essentially independent of the size of the inoculum within the limits studied.
The crystalline material appeared to exert a bactericidal action on the susceptible organisms. Tubercle bacilli maintained in the presence of the agent for 4 days failed to grow when transferred to inhibitor-free media.
The findings were not appreciably altered by minor variations in the composition of the medium or by shift in its reaction. When certain preparations of whole serum were used in the medium in place of albumin, no antimycobacterial activity was observed; however, this activity was restored by adding bovine albumin (fraction V) to the media containing whole serum.
By chemical purification and analysis, the inhibitory material was identified as spermine, an organic base widely distributed in animal tissues.
